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ABSTRACT

األهداف:  حتديد العالقة املوجودة بني التعدد الشكلي اجليني ملعامل 
بسرطان  اإلصابة  خطر  وزيادة   )TNF)-238G>A) األورام  تنخر 

اخلاليا الكبدية.

في  زوجنشان  مبستشفى  املقطعية  الدراسة  هذه  ُأجريت  الطريقة:  
ديسمبر  من  الفترة  خالل  وذلك  الصني  شنغهاي،  فيودان،  جامعة 
الدراسات  بحثًا شاماًل جلميع  لقد عملنا  2010م.  مايو  إلى  2009م 
 TNF rs361525 التي تناولت دراسة العالقة بني معامل تنخر األورام
238G>A- وزيادة خطر اإلصابة بسرطان اخلاليا الكبدية. ومت  حتديد 
املؤثرات  ومنوذج   ،)fixed effect model( الثابتة  املؤثرات  منوذج 
العشوائية )random effect model( وذلك اعتماداً على اختبار 
تضمنها  التي  الدراسات  هذه  بني   )homogeneity( التجانس 
التباين  حتديد  مت  حني  في   ،)meta analysis( اجلمعي  التحليل 
بني هذه الدراسات بواسطة اختبار كيو )Q test(، وI2، ومت تعيني 
لالنحدار  إيغير  اختبار  بواسطة   )publication bias( النشر  حتيز 

اخلطي.

اخلاليا  بسرطان  مصابة  حالة   708 التحليل  هذا  شمل  النتائج:  
الكبدية و1349 حالة غير ٌمصابة، وقد أشار إلى وجود عالقة كبيرة 
وزيادة   )TNF rs361525 )-238G>A( األورام  تنخر  معامل  بني 
اجلينية  النماذج  اختالف  مع  وذلك  السرطان  بهذا  اإلصابة  خطر 
OR=1.70, 95% CI: 1.20-( الزيجوت:  تباين  مقارنة  التالية: 
السائد:  النموذج  ومقارنة   ،  )2.35, P heterogeneity=0.292
 )OR=1.69, 59% CI: 1.20-2.35, P heterogeneity=0.270(

)OR=1.62, 95% CI: 1.16- :ومقارنة النموذج السائد كليًا ،
P heterogeneity=0.391 ,2.28(، ومقارنة األليل:

 )OR=1.62, 95% CI: 1.18-2.23, P heterogeneity=(
0.253(، وبعد القيام بتحليل هذه النماذج األربعة لم يتم تعيني كاًل 

من التباين أو حتيز النشر.

خامتة:  ُيثبت هذا التحليل اجلمعي وجود العالقة بني التعدد الشكلي 
وزيادة   TNF rs361525 -238G>A األورام  تنخر  ملعامل  اجليني 
خطر اإلصابة بسرطان اخلاليا الكبدية في أحد املجتمعات الصينية.

Objective: To assess the effect of the common 
polymorphisms of the tumor necrosis factor )TNF)-
238G>A with hepatocellular carcinoma )HCC) risks.

Methods: The study design was cross-sectional, and 
carried out in Zhongshan Hospital Fudan University, 
Shanghai, China from December 2009 to May 2010. 
A comprehensive search was conducted to identify all 
studies on the association of TNF rs361525 )-238G>A) 
polymorphism with HCC risk. The fixed or random 
effect pooled measure was selected based on homogeneity 
testing among studies. Heterogeneity among studies 
was evaluated using Q test and I2. Publication bias was 
estimated using a modified Egger’s linear regression test. 

Results: This current analysis including 708 HCC and 
1,349 controls on TNF rs361525 )-238G>A) showed 
a significantly increased risk of HCC in different 
genetic models )heterozygote comparison: odds ratio 
[OR]=1.70, 95% confidence interval [CI]: 1.21-2.39, 
P heterogeneity=0.292; dominant model comparison: 
OR=1.68, 95% CI: 1.20-2.35, P heterogeneity=0.270; 
complete overdominant model comparison: OR=1.62, 
95% CI: 1.16-2.28. P heterogeneity=0.391; and 
allele comparison: OR=1.62, 95% CI: 1.18-2.23, 
P heterogeneity=0.253). Neither heterogeneity nor 
publication bias was detected when analyses were 
performed on all 4 models.

Conclusion: This meta-analysis supports TNF rs361525 
)-238G>A) polymorphism being associated with HCC 
in an Asian population.
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Hepatocellular carcinoma )HCC) is the fifth most 
common cancer worldwide and the third most 

common cause of cancer death.1 Studies suggest that 
HCC is related to many factors, including chronic 
hepatitis B or C caused by viral infection, exposure to 
aflatoxin, and genetic polymorphism, among which 
variants of pro- and anti-inflammatory cytokines such 
as interleukin )IL) and tumor necrosis factors )TNF) 
are the most extensively investigated. Tumor necrosis 
factors play a critical role in the pathogenesis of 
HCC.2 The TNF are thought to be determined largely 
by polymorphisms at different positions within the 
regulatory regions or signal sequences of the TNF gene,3 
which have been mapped to the class III region of the 
major histocompatibility complex )MHC) between the 
HLA-B and -DR loci. Recent studies have reported the 
presence of at least 44 polymorphisms of the TNF gene.4 
Polymorphisms located at positions −238)G>A) of the 
TNF promoter region )rs361525) appear to notably 
influence the expression of TNF, and are considered as 
functional single nucleotide polymorphisms )SNPs).5 

However, previous observations in various populations 
have produced conflicting results regarding the effect 
of TNF genetic variation on the risk of developing 
HCC.6-11 The objective, therefore, of this meta-analysis 
was to explore the association of TNF rs361525 
)-238G>A) polymorphisms with the risk of HCC.

Methods. The study design was cross-sectional and 
carried out in Zhongshan Hospital Fudan University, 
Shanghai from December 2009 to May 2010. Ethical 
approval was obtained from the Zhongshan Hospital 
Medical Ethics Committee.

Search strategy. A search to May 2010 was conducted 
for relevant available articles published in English or 
Chinese from 6 databases, namely, PubMed, ISI Web 
of Knowledge, HuGE Navigator Web, CNKI )China 
National Knowledge Infrastructure), VIP )Database of 
Chinese Scientific and Technical Periodicals) and CBM 
)China biomedical literature database) using key words 
such as: “TNF” or “tumor necrosis factor”; “liver cancer” 
or “hepatocellular carcinoma”; and “polymorphism” or 

“variation”. Eligible studies included had to meet the 
following criteria: )a) an unrelated case-control study 
and )b) available genotype frequency.12

Data extraction. The following information 
was extracted from each study: first author, year of 
publication, ethnicity )nationality) of study population, 
and characteristics of the patients and the controls.

Statistics. Allele frequencies of the TNF rs361525 
)-238G>A) polymorphism in the studies were 
determined using the allele counting method. The 
chi-square test was used to determine whether observed 
genotype frequencies conformed to the Hardy–Weinberg 
equilibrium )HWE). Crude odds ratios )OR) with 
95% confidence intervals )CI) were used to assess the 
relationship between the TNF rs361525 )-238G>A) 
polymorphism and HCC risk. Because of the small 
sample sizes in individual studies, low frequency of 
variant homozygotes, and practical clinical value, 
meta-analyses were performed using the 4 models: 
heterozygote comparison )AG versus GG), dominant 
model )AG+AA versus GG), complete overdominant 
models )AG versus GG+AA) and additive model )A 
versus G). The heterogeneity was formally investigated 
by Q-testing and the I2 statistic. For the Q statistic, if 
p<0.10, the heterogeneity was considered statistically 
significant. The I2 metric is independent of the number 
of studies in the meta-analysis )I2=0, no heterogeneity; 
I2=25%, low heterogeneity; I2=50%, moderate 
heterogeneity; I2=75%, high heterogeneity).13 The I2 

describes the proportion of total variation attributable 
to between-study differences or heterogeneity as 
opposed to random error or chance. In the presence of 
substantial heterogeneity )I2>50%), the DerSimonian 
and Laird random effect model was adopted as the 
pooling method, in other cases, the inverse-variance 
fixed effect model was used. These 2 models provided 
similar results when between-study heterogeneity was 
absent. Furthermore, meta-regression with restricted 
maximum likelihood estimation was performed to 
explore the potentially important sources of between-
study heterogeneity. Publication bias was evaluated with 
Begg’s test for the funnel plot and Egger’s linear regression 
asymmetry test. Sensitivity analyses were performed to 
assess the stability of the results. All statistical analyses 
were performed by Stata 10.0 software )Stata Corp, 
Fudan University, Shanghai,  China).

Results. Eligibility. Six case-control studies 
)published from 2003 to May 2010) on the association 
between TNF rs361525 )-238G>A) polymorphism and 
HCC risk, including 708 HCC and 1,349 controls, 
were selected from publication searching.6-11 The main 
characteristics of these studies are presented in Table 1. 
Of the 6 studies, 5 were published in English and one 
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035), and the National Nature Science Foundation of 
China )No. 30772505 & No. 30872503).
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study was published in Chinese;11 the case patients in 
one study were all hepatitis B surface antigen )HBsAg) 
positive.9 In 2 of the studies, case patients were partly 
HBsAg positive.6,11 In another study, all patients suffered 
from chronic infection with hepatitis C virus )HCV).7 
In 2 of the studies, case patients were HBsAg positive as 
well as chronically infected with HCV.8,10 The patients 
in all 6 studies were entirely or partly positive for HBsAg 
and/or HCV. The control groups of the 6 studies were 
all matched with the same character. Three studies also 
included a healthy control group that included people 
who were infected with neither hepatitis B nor C 
virus.6,7,9

Meta-analysis results. The variant genotypes and 
allele frequencies of TNF rs361525 )-238G>A) in 
the individual study are presented in Table 1. The AA 
genotype frequency was observed as being too low; 
among most studies no AA homozygous individuals 
were present in the panel. Overall, for TNF rs361525 
)-238G>A) polymorphism, the frequency of GG 
homozygous individuals was 90%. The frequency 
of AG-heterozygous individuals was 10%, and the 
frequency of AA-homozygous individuals was 0.3% in 
the cases studied. In the controls, the frequencies of GG 
homozygous individuals was 93.3%, of AG heterozygous 
individuals was 6.4%, and of AA homozygous 
individuals was 0.3%. The G allele was the most 
common for TNF rs361525 )-238G>A) polymorphism. 
The results of the pooled analysis are summarized in 
Table 2. The results indicate the statistically significant 
association between the increased HCC risk and variant 

Table 1 - Pathogens isolated from the ascitic fluid of cirrhotic patients with SBP from 1996-2002.

Author Ethinicity Case Distribution of TNF-238G>A genotype Frequency of TNF-238G>A alleles HWE

(year) (Country) n Cases Control Cases Controls P-value

GG n (%) AG n (%) AA n 
(%)

GG n (%) AG n (%) AA n 
(%)

G n (%) A n (%) G n (%) A n (%)

Jung )2009)10

Huang )2007)11

Kummee )2007)9

Jeng )2007)8

Wang )2003)7

Heneghan )2003)6

Total

Korea

China

Thailand

Taiwan

Japan

China

227/365

100/150

  50/350

108/108

125/204 

  98/172

  708/1349

193

  88

  44

102

111

  96

634

)85)

)88)

)88)

)94.4)

)88.8)

)98)

(90)

34

12

  5

  6

13

  2

72

)15)

)12)

)10)

  )5.5)

)10.4)

  )2)

(10.1)

0

0

1

0

1

0

2

)2)

)0.8)

(0.3)

  336

  143

  328

  106

  178

  168

1259

)92.1)

)95.3)

)93.7)

)98.1)

)87.3)

)97.7)

(93.3)

28

  7

21

  2

24

  4

86

  )7.7)

  )4.7)

  )6)

  )1.9)

)11.8)

  )2.3)

  (6.4)

1

0

1

0

2

0

4

)0.2)

)0.3)

)0.9)

(0.3)

420

188

  93

210

235

194

1340

)92.5)

)94)

)93)

)97.2)

)94)

)99)

(94.6)

34

12

  7

  6

15

  2

76

)7.3)

)6)

)7)

)3.8)

)6)

)1)

(5.4)

  700

  293

  677

  214

  380

  340

2604

)95.9)

)97.7)

)96.7)

)99.1)

)93.1)

)98.8)

(96.5)

30

  7

23

  2

28

  4

94

)4.1)

)2.3)

)3.3)

)0.9)

)6.9)

)1.1)

(3.5)

0.61

0.77

0.30

0.92

0.25

0.88

Figure 1 - Forest plot of hepatocellular carcinoma risk associated with 
the TNF-238G>A polymorphism )A/G). The squares and 
horizontal lines correspond to the study-specific OR and 95% 
CI. The area of the squares reflects the study-specific weight 
)inverse of the variance). The diamond represents the pooled 
OR and 95% CI.

Table 2 - Meta-analysis results of the association of TNFA-238G>A polymorphisms and HCC of 6 studies.

Genetic model OR 95%
confidence

interval

P value for 
herterogeneity

I2 Egger’s 
P-value

Heterozygote comparison AG/GG 1.70 1.21-2.39 0.292 18.70 0.98
Dominant model )AA+AG)/GG 1.68 1.20-2.35 0.270 21.80 0.909
Complete overdominant  AG/)AA+GG) 1.62 1.16-2.28 0.391 3.80 0.973
Additive model  A/G 1.62 1.18-2.23 0.253 24.10 0.789
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genotypes in different genetic models. In heterozygote 
comparison, the variant genotype AG was associated 
with a statistically significant increased risk of HCC 
)Table 2). In addition, the significant main effects 
were also observed in both dominant and complete 
overdominant models )Table 2). Notably, the A allele 
was associated with an increased HCC risk compared 
with the G allele - additive model )Figure 1). There was 
no evidence of heterogeneity among studies using all 4 
models or comparisons: P heterogeneity reached 0.253-
0.391 and I2 reached 3.8-24.1%, all below 25% )Table 
2). Sensitivity analysis showed that the association 
between TNF rs361525 )-238G>A) and the risk of 
HCC of the 6 studies was robust: when anyone study 
was omitted, the 95% CI would not include 1.0 under 
all models. )Figure 2). Funnel plots and Egger’s test were 
performed to assess publication bias )Figure 3). The 
data suggest that there was no evidence of publication 
bias: Egger’s p-value reached 0.789-0.980 under various 
models )Table 2).

Discussion. Tumor necrosis factor )TNF) is a 
pleiotropic inflammatory cytokine with procarcinogenic 
properties. It is located on chromosome 6 at 6p21.3 and 
encodes within the MHC. Recent reports suggest that 
the MHC may contain tumor susceptibility genes and 
genetic elements that may contribute to some tumors.14,15 
The TNF rs361525 )-238G>A) gene polymorphism has 
been reported as being associated with several cancers 
including HCC;8,16,17 studies of an association of TNF 
rs361525 )-238G>A) gene polymorphism with HCC 
have reported conflicting results.6-11 This discrepancy 
among results is not surprising. Persistent difficulties in 
obtaining robust and replicable results in genetic effects 
are small, requiring studies with many thousands of 
subjects or meta-analyses to be detected.18 

In the present study, a meta-analysis of 6 published 
studies was conducted to evaluate the association 
between TNF rs361525 )-238G>A) polymorphisms 

and HCC risk because no such meta-analysis has been 
published to date. In overall combination studies, it 
is found that the variant AG genotype was associated 
with a significant increased HCC risk in all 4 compared 
genetic models.

The TNF exhibits pro tumorigenic activity,19 and it 
has been shown that dysregulation and overproduction 
of TNF could be involved in cancer development 
and progression.20 Blood levels of TNF are seen to 
be significantly higher in patients with solid tumors 
including HCC.19,21 In recent years, several TNF 
promoter polymorphisms have been identified and their 
association with susceptibility to solid tumors as well as 
with high TNF expression has been documented.22-24 

Notably, polymorphisms located at positions −238 
of the TNF promoter region appear to influence the 
transcription and expression of TNF and is considered 
as a functional single nucleotide polymorphism )SNP).5 
The rare A allele has been shown to be associated with 
high production, suggesting that the TNF rs361525 
)-238G>A) A allele may be a risk allele for HCC.25 This 
meta-analysis found that the variant genotypes were 
associated with a significantly increased HCC risk in 
all 4 genetic models, namely, heterozygote comparison, 
dominant model, complete overdominant model, and 
additive model, suggesting that the TNF rs361525 )-
238G>A) AG genotype or A allele is a risk allele for 
HCC, which is consistent with experimental findings. 
Another meta-analysis has reported that TNF rs361525 
)-238G>A) polymorphism is associated with psoriatic 
arthritis,26 which was consistent with the results recorded 
for this meta-analysis. Interestingly enough, neither 
significant heterogeneity nor publication bias was 
detected in all 4 compared genetic models performed 
on TNF rs361525 )-238G>A) polymorphism status, 
indicating that the pooled results may be robust and 
unbiased.

Figure 2 - Sensitivity analysis: examining the influence of individual 
studies of 9 studies )A/G). This figure shows the influence of 
each study on the meta-analysis, in which the meta-analysis 
estimates are computed by omitting one study at a time. By 
default, fixed-effects analyses are displayed.

Figure 3 - Begg’s funnel plot for publication bias test )A/G). Each point 
represents a separate study for the indicated association. lnOR 
logarithmically transformed of odds ratio. Horizontal line, 
mean effect size.
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Some limitations of this meta-analysis should be 
addressed. First, the numbers of published studies 
were not sufficiently large enough for a comprehensive 
analysis. Second, this analysis only includes 6 studies. 
Third, all of the 6 studies in this meta-analysis were 
conducted on Asian populations. Despite these 
limitations, our meta-analysis also had some advantages. 
First, a substantial numbers of cases and controls were 
pooled from different studies, which significantly 
increased the statistical power of the analysis. The 
quality of case–control studies included in our current 
meta-analysis was satisfactory and met the established 
inclusion criterion.6-11 Third, we did not detect any 
heterogeneity and publication bias indicating that the 
whole pooled result may be robust and unbiased.

In conclusion, this meta-analysis suggests that 
the TNF rs361525 )-238G>A) polymorphism is 
associated with HCC in Asian populations. Larger 
studies including different ethnic groups with a careful 
matching between HCC patients and controls should 
be considered in the future to confirm results obtained 
from this meta-analysis, and to further evaluate the effect 
of HCC status on the TNF rs361525 polymorphisms- 
associated HCC risk.

References
  
  1. Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M, 

Mariani L, et al. Predicting survival after liver transplantation 
in patients with hepatocellular carcinoma beyond the Milan 
criteria: a retrospective, exploratory analysis. Lancet Oncol 
2009; 10: 35-43.

  2. Kawakita T, Shiraki K, Yamanaka Y, Yamaguchi Y, Saitou Y, 
Enokimura N, et al. Functional expression of TWEAK in 
human hepatocellular carcinoma: possible implication in cell 
proliferation and tumor angiogenesis. Biochem Biophys Res 
Commun 2004; 318: 726-733.

  3. Hajeer AH, Hutchinson IV. Influence of TNFalpha gene 
polymorphisms on TNFalpha production and disease. Hum 
Immunol 2001; 62: 1191-1199.

  4. Li C, Wang G, Gao Y, Liu L, Gao T. TNF-alpha gene promoter 
-238G>A and -308G>A polymorphisms alter risk of psoriasis 
vulgaris: a meta-analysis. J Invest Dermatol 2007; 127: 1886-
1892.

  5. Bayley JP, Ottenhoff TH, Verweij CL. Is there a future for TNF 
promoter polymorphisms? Genes Immun 2004; 5: 315-329.

  6. Heneghan MA, Johnson PJ, Clare M, Ho S, Harrison PM, 
Donaldson PT. Frequency and nature of cytokine gene 
polymorphisms in hepatocellular carcinoma in Hong Kong 
Chinese. Int J Gastrointest Cancer 2003; 34: 19-26.

  7. Wang Y, Kato N, Hoshida Y, Yoshida H, Taniguchi H, Goto 
T, et al. Interleukin-1beta gene polymorphisms associated 
with hepatocellular carcinoma in hepatitis C virus infection. 
Hepatology 2003; 37: 65-71.

  8. Jeng JE, Tsai JF, Chuang LY, Ho MS, Lin ZY, Hsieh MY, et al. 
Tumor necrosis factor-alpha 308.2 polymorphism is associated 
with advanced hepatic fibrosis and higher risk for hepatocellular 
carcinoma. Neoplasia 2007; 9: 987-992.

  9. Kummee P, Tangkijvanich P, Poovorawan Y, Hirankarn 
N. Association of HLA-DRB1*13 and TNF-alpha gene 
polymorphisms with clearance of chronic hepatitis B infection 
and risk of hepatocellular carcinoma in Thai population. J 
Viral Hepat 2007; 14: 841-848.

10. Jung KW, Ha E, Yu GI, Kim SJ, Chung WJ, Jang BK, 
et al. TNFalpha promoter polymorphism is a risk factor 
for susceptibility in hepatocellular carcinoma in Korean 
population. Clin Chim Acta 2009; 407: 16-19.

11. Huang Hl, XIE JS, Huang ZS, Zhao QZ. The relationship 
of polymorphism of tumor necrosis factor-α gene promoter 
-238G/A with primary hepatic carcinoma in patients. Progress 
of anatomical sciences 2007; 13: 11-13.

12. Bertram L, McQueen MB, Mullin K, Blacker D, Tanzi 
RE. Systematic meta-analyses of Alzheimer disease genetic 
association studies: the AlzGene database. Nat Genet 2007; 39: 
17-23.

13. Huedo-Medina TB, Sanchez-Meca J, Marin-Martinez F, 
Botella J. Assessing heterogeneity in meta-analysis: Q statistic 
or I2 index? Psychol Methods 2006; 11: 193-206.

14. Shih CM, Lee YL, Chiou HL, Chen W, Chang GC, Chou 
MC, et al. Association of TNF-alpha polymorphism with 
susceptibility to and severity of non-small cell lung cancer. 
Lung Cancer 2006; 52: 15-20.

15. Jung JH, Chae YS, Moon JH, Kang BW, Kim JG, Sohn SK, et 
al. TNF superfamily gene polymorphism as prognostic factor 
in early breast cancer. J Cancer Res Clin Oncol 2010; 136: 685-
694.

16. Nakajima K, Sasaki M, Nojima D, Oh BR, Ishii N, Miura K, 
et al. Tumor necrosis factor-alpha gene mutations and genotype 
changes in renal cell carcinoma. J Urol 2001; 165: 612-615.

17. Sirotkovic-Skerlev M, Cacev T, Krizanac S, Kulic A, Pavelic K, 
Kapitanovic S. TNF alpha promoter polymorphisms analysis 
in benign and malignant breast lesions. Exp Mol Pathol 2007; 
83: 54-58.

18. Munafo MR, Flint J. Meta-analysis of genetic association 
studies. Trends Genet 2004; 20: 439-444.

19. Balkwill F. Tumor necrosis factor or tumor promoting factor? 
Cytokine Growth Factor Rev 2002; 13: 135-141.

20. Mocellin S, Rossi CR, Pilati P, Nitti D. Tumor necrosis factor, 
cancer and anticancer therapy. Cytokine Growth Factor Rev 
2005; 16: 35-53.

21. Ding L, Sunamura M, Kodama T, Yamauchi J, Duda DG, 
Shimamura H, et al. In vivo evaluation of the early events 
associated with liver metastasis of circulating cancer cells. Br J 
Cancer 2001; 85: 431-438.

22. Baseggio L, Bienvenu J, Charlot C, Picollet J, Felman P, Coiffier 
B, et al. Higher LPS-stimulated TNF-alpha mRNA levels 
in peripheral blood mononuclear cells from non-Hodgkin’s 
lymphoma patients. Exp Hematol 2001; 29: 330-338.

23. Ogawa T, Nakamachi T, Ohtaki H, Hashimoto H, N S, Baba 
A, et al. Monoaminergic neuronal development is not affected 
in PACAP-gene-deficient mice. Regul Pept 2005; 126: 103-
108.

24. Jeong P, Kim EJ, Kim EG, Byun SS, Kim CS, Kim WJ. 
Association of bladder tumors and GA genotype of -308 
nucleotide in tumor necrosis factor-alpha promoter with 
greater tumor necrosis factor-alpha expression. Urology 2004; 
64: 1052-1056.

25. Marcos M, Gomez-Munuera M, Pastor I, Gonzalez-Sarmiento 
R, Laso FJ. Tumor necrosis factor polymorphisms and alcoholic 
liver disease: a HuGE review and meta-analysis. Am J Epidemiol 
2009; 170: 948-956.

26. Rahman P, Siannis F, Butt C, Farewell V, Peddle L, Pellett F, 
et al. TNFalpha polymorphisms and risk of psoriatic arthritis. 
Ann Rheum Dis 2006; 65: 919-923.


